Background and purpose -Knee pain after total knee arthroplasty (TKA) is not uncommon. Patellar retention in TKA is one cause of postoperative knee pain, and may lead to secondary addition of a patellar component. Patellar resurfacing in TKA is controversial. Its use ranges from 2% to 90% worldwide. In this randomized study, we compared the outcome after patellar resurfacing and after no resurfacing.
In North America, more than 90% of surgeons resurface the patella (Abdel et al. 2014) . In Australia, 60% patellar resurfacing was performed in primary TKA in 2014 (AOANJRR 2015) . In Scandinavia, patellar resurfacing is performed in about 80% of cases in Denmark, while in Norway and Sweden only about 2% of TKAs had patellar resurfacing in 2014 (DKR 2015 , Register 2015 , SKAR 2015 . In Sweden, patellar resurfacing was common in the 1980s when more than two-thirds of primary TKA patients underwent resurfacing. The number steadily decreased, and in 2014 the proportion of patellar resurfacing in primary TKA was only 2.2%, including all diagnoses-even RA (SKAR 2015) .
Some surgeons resurface the patella routinely, others not at all, and a third group prefers selective resurfacing. Those who prefer resurfacing on a routine basis argue that the patients have less anterior knee pain, better knee function, and more satisfaction with the operative result; in addition, these patients avoid a possible secondary operation for addition of a patellar component (Mayman et al. 2003 , Waters and Bentley 2003 , Nizard et al. 2005 , Pakos et al. 2005 , Parvizi et al. 2005 , Berti et al. 2006 . Those who do not resurface the patella take into account peroperative and postoperative complications (e.g. fracture, infection, wear, or loosening), longer operation time, and higher cost of material-as well as similar operation outcomes (Grace and Sim 1988 , Ortiguera and Berry 2002 , Burnett et al. 2009 , Lygre et al. 2010 , Breeman et al. 2011 . The third group of surgeons who recommend resurfacing only in selected cases-especially in patients with RA, patellofemoral symptoms, and obesity-believe that these factors increase the risk of patellar pain postoperatively (Fern et al. 1992, Burnett and Bourne 2004) .
In a randomized study of 74 TKAs, we evaluated the effect of patellar resurfacing in Triathlon cruciate retaining knee (CR) TKA using patient-reported outcomes (VAS pain, KOOS, satisfaction), early performance tests, and reoperation as endpoints.
Patients and methods
This study involved 74 patients aged between 60 and 75 years with primary osteoarthritis (Table 1 and Figure 1 ). The exclusion criteria were bilateral TKA, posttraumatic OA (e.g. fractures), previous high tibial osteotomy, rheumatoid arthritis, other forms of arthritis, severe heart failure, neurological disease, diseases that infl uence physical function, having undergone TKA or THA during the previous 12 months, patellar thickness of less than 22 mm (peroperative measurement), dementia, or being unable to speak Swedish. Patients who used antidepressants, neuroleptics, anticonvulsive drugs, or steroids were also excluded.
Preoperatively, the patients fi lled out the KOOS questionnaire (0-100, where 0 means a major problem and 100 means no problem) (Roos et al. 1998 ) and a visual analog scale (VAS) for pain (0-100 mm, where 0 means no pain and 100 means intolerable pain). A physiotherapist, who was blind regarding the type of surgery, performed the physical performance tests: 20-meter walk test (the time required and number of steps for patients to walk 20 m), chair stand test (the time required for 5 repetitions of rising from a chair and sitting down), knee bending test (the number of single-side knee bendings in 30 s), and knee extension strength (extension power in kg) preoperatively and 3 months postoperatively (Andrews et al. 1996 , Martin et al. 2006 , Bremander et al. 2007 , Villadsen et al. 2012 . 3, 12, and 72 months postoperatively, the patients fi lled out the KOOS questionnaire, VAS pain, and patient satisfaction (very satisfi ed, satisfi ed, uncertain, dissatisfi ed) (Robertsson et al. 2000) (Table 2) . 72 months postoperatively, the patient fi les regarding complications and reoperation were checked in our local complications registry database and also in the SKAR.
The patients were operated on at Trelleborg Hospital between February 2008 and December 2009, by 5 senior orthopedic surgeons subspecialized in arthroplasty surgery. Spinal anesthesia was used as standard in 62 of the 74 patients (Table 1 ). All the patients had a tourniquet, a standard straight central skin incision, medial parapatellar arthrotomy, and patellar eversion. Preparation of the femur and tibia was done according to the instructions of the manufacturer. If the patellar thickness was less than 22 mm, the patient was excluded. Thereafter, a randomization envelope was opened for allocation of the patient (closed numbered envelopes had been prepared in blocks of 40). When the patient was randomized to patellar resurfacing, preparation of the patella was done according to the Triathlon CR knee system. Tibial, femoral, and patellar components were cemented at the same time. The physiotherapists and patients were kept uninformed about the results of randomization.
The patients in this study were included in 2 other studies, 1 regarding the effect of neuromuscular exercise and surgery on exercise-induced analgesia and pain sensitivity in patients with hip and knee osteoarthritis , and the other regarding effects of neuromuscular training on patientreported outcomes and physical function, also in the same patient groups Assessed for eligibility n = 273
Enrolled n = 82
Randomized n = 74
Did not meet inclusion criteria (n = 191): -Age selection (>75 or <60), n = 88 -TKA or THA less than 1 year ago, n = 30 -Due to medication, n = 25 -Bilateral TKA, n = 18 -Refused to participate, n = 11 -Previous major knee surgery, n = 7 -Inflammatory arthritides, n = 6 -Not speaking Swedish, n = 6
Dropouts ( operatively, which were similar in both groups (Figure 2, and  Tables 3 and 4) . We found no statistically signifi cant differences in patient satisfaction at 3, 12, and 72 months postoperatively between the patellar resurfacing group and the noresurfacing group (Table 3) . We found no statistically significant differences in physical performance tests between the 2 groups at 3 months postoperatively. The mean chair stand test results in seconds were 12 in both groups and the mean results of the 20-meter walk test in seconds were 17 in both groups. The mean number of steps was 30 in the patellar resurfacing group, as opposed to 32 in the no-resurfacing group, the number of knee bendings in 30 seconds was 13 in both groups, and knee extension strength was 17 kg in both groups. None of the patients in the no-resurfacing group were reoperated with secondary patellar component addition within the fi rst 72 months. ( 
Statistics
The primary endpoint of the study was the VAS pain measurement. A group difference in magnitude of 10-30 mm was considered clinically relevant (Lee et al. 2003 , Tashjian et al. 2009 ). With 56 patients, a group difference in VAS of 15 mm can be detected with 5% statistical signifi cance and 80% power using a 2-sided Student's t-test. The patient number was increased by 20% to account for patients declining participation, which gave a total patient number of 68. The SD of the endpoint was estimated using a sample from the Swedish Knee Arthroplasty Register of 24,000 patients who had knee surgery and responded to a questionnaire in 2003.We therefore included 74 patients in this study. Fisher's exact test was used for binomial variable analysis. Any p-value of < 0.05 was considered statistically signifi cant. Stata version 12.0 was used for data analysis.
Ethics
The study was performed in compliance with the Helsinki Declaration, and all patients had given their informed consent by signing a written consent form. The study was approved by the ethics committee of the Faculty of Medicine, Lund University (entry no. LU 812006).
Results
We found statistically signifi cant improvements in VAS pain and KOOS 5 subscales (pain, symptom, ADL, sport/recreation, and quality of daily living (QOL)) in both groups at 3, 12, and 72 months post-
Discussion
In this study, patellar resurfacing in TKA had effects on postoperative VAS pain, patient satisfaction, and KOOS at 3, 12, and 72 months that were similar to those of TKA with no resurfacing. The results of physical performance tests at 3 months postoperatively were similar in both groups. There was no secondary patellar addition surgery during the fi rst 72 months in the no-resurfacing group. One strength of this randomized study was that VAS pain, satisfaction, and KOOS were patient-reported instruments. Another strength was that a physiotherapist who was blind regarding the assignment of patients to groups conducted the performance tests. We included only patients with primary osteoarthritis who were aged between 60 and 75 years, which is a common age for TKA in Sweden (SKAR 2015). It might have been an advantage to include all ages, and patients with other diagnosis. However, the inclusion/exclusion criteria were established in order to make the patients homogenous; for example, activity levels vary with age. The number of surgeons performing the operations may also be regarded as a strength for generalization of the results. The patient-reported outcomes and incidences of surgical complications were almost equal, according to the local registry database for the county of Skåne.
One limitation of the present study may have been the low number of patients. 74 patients may not be a suffi cient number means that even for non-resurfaced patellas, the prosthesis offers better patello-femoral articulation. Also, the surgical technique-especially the positioning of the femoral and tibial components-has received more attention. Both of these factors may have had a role in the results we obtained, as no patellar additions were performed within 6 years. However, after more than 4 decades there is still no consensus between different countries and different surgeons on how to deal with the patella in TKA. We did not take into account the degree of OA of the patella, which is actually the praxis according to the surgeons who always replace patellas. We wanted to compare this attitude to the alternative one, which is not replacing the patella irrespective of the degree of patellar OA.
Several meta-analyses of RCT studies have not shown any statistically signifi cant differences between resurfacing and no-resurfacing groups regarding anterior knee pain, knee function, and satisfaction, but a higher incidence of reoperations in no-resurfacing groups , Li et al. 2011 , Pavlou et al. 2011 , Pilling et al. 2012 ). On the other hand, there have also been several meta-analyses favoring patellar resurfacing in TKA (Forster 2004 , Nizard et al. 2005 , Pakos et al. 2005 , Parvizi et al. 2005 . One reason for more reoperations in the no-resurfacing groups might be postoperative knee pain-which can be explained by patello-femoral dysfunction, and the surgeon has one more operation to offer which cannot be offered to the group that already has a resur- to show a small difference between the groups, as both resurfacing and no resurfacing are effective methods for reducing pain and improving knee function with a high degree of satisfaction. At the same time, our power analysis indicated that 74 patients would be a suffi cient number to show a statistically signifi cant difference between the groups concerning pain, which is one of the most important outcomes in knee arthroplasty surgery. Our primary endpoint was VAS pain score. A more relevant pain might be anterior knee pain. To our knowledge, there is no well-documented method available for measurement of this type of pain after knee replacement. It would also have been an advantage if we had also had postoperative performance tests at 12 months. However, at that time VAS pain scores and KOOS subscale scores were similar between the groups, so the results of performance tests would probably also have been similar. In Sweden, patellar resurfacing in primary TKA has steadily decreased since the 1980s, from more than 70% to about 2% (SKAR 2015) . One explanation would be improvement in the design of the patellofemoral joint in modern prostheses, which faced patella. However, there are many possible reasons for knee pain other than an unresurfaced patella, such as scar discomfort, numbness, neuromas, bursitis, tendinitis, patellar instability, patellar fracture, or muscle weakness. In an observational Norwegian registry study, Lygre et al. (2010) found that resurfacing of the patella has no better effect on pain or knee function after TKA. On the other hand, in one of the largest RCT studies involving 514 patients, Waters and Bentley (2003) recommended patellar resurfacing in TKA because of less anterior knee pain. They found anterior knee pain in 25% of cases with no resurfacing as compared to 5% in resurfacing group. Finally, Parvizi et al. (2012) found that secondary resurfacing was not always a rewarding procedure, as 8 of 39 patients who underwent secondary resurfacing failed because of anterior knee pain. No patients in the no-resurfacing group in our study needed secondary patellar component addition. The number of satisfi ed patients was very high in both groups. Many of the TKA designs in the reference studies mentioned above are no longer in use, which makes comparison with the current prosthesis not fully relevant-because of continuous improvement of the patellofemoral articulation since that time.
An important advantage in the present study was the use of KOOS at different periods of the follow-up. It is well known that there is a disparity between patients' and surgeons' opinions of the result postoperatively (Lieberman et al. 1996 , Gioe et al. 2009 , Khanna et al. 2011 ). In the majority of previous RCT studies, no PROMs-such as KOOS-were used, which contrasts with our study. We believe that it is justifi ed to express the result according to patient-reported outcomes rather than the doctor's opinion.
One idea of this study was a very early check of the 2 knee arthroplasty groups, where both questionnaires and performance tests were used to help identify possible differences. Early and medium-term outcome were also assessed, to obtain a reasonably complete view of the time-related outcome. In both groups, compared to preoperative data we found lower VAS pain scores and improvements in all KOOS subscales, while physical performance test results were relatively similar to the preoperative values-which may have been due to the fact that 3 months is a short time to evaluate outcome after TKA (Nilsdotter et al. 2009 ). It is interesting that, for both groups, the degree of patient satisfaction was high and rather equal at 3, 12, and 72 months, while VAS pain was becoming less with longer observation time. Although patellar resurfacing is an additional trauma to the knee, at 3 months postoperatively it did not cause poorer performance than no resurfacing. For example, values for knee extension strength and number of knee bendings in 30 seconds were roughly equal to the preoperative values.
In summary, there is still remarkable controversy between countries and between surgeons regarding how to deal with the patella in TKA. Thus, there is a need for more RCT studies with modern prostheses and with follow-up using instruments for patient-reported outcome. In this study, we could not fi nd any advantage of patellar resurfacing-either from short-term follow-up or from medium-term follow-up-regarding knee pain, KOOS, knee function, and patient satisfaction. None of the patients in the no-resurfacing group were reoperated with patellar component addition. Based on these fi ndings, we believe that routine patellar resurfacing in primary Triathlon CR TKA is unnecessary.
